The effect of supplementation with different levels of cracked corn on the sites of OM, total dietary fiber (TDF), ADF, and starch digestion in steers fed fresh alfalfa indoors was determined. Six Angus steers (338 ± 19 kg) fitted with cannulas in the rumen, duodenum, and ileum consumed 1 ) alfalfa (20.4% CP, 41.6% NDF) ad libitum (AALF); 2), 3), and 4 ) AALF supplemented ( S ) with .4, .8, or 1.2%, respectively, of BW of corn; or 5 ) alfalfa restricted at the average level of forage intake of S steers (RALF), in a 5 × 5 Latin square design. Total OM intake was lower ( P < .01) in steers fed RALF than in those fed AALF but level of forage intake did not affect sites of OM, TDF, or starch digestion ( P > .05). Forage OM intake decreased ( P < .01) linearly (8,496 to 5,840 g/ d ) but total OM intake increased ( P = .03) linearly (8,496 to 9,344 g/d) as corn increased from .4 to 1.2% BW. Ruminal apparent and true OM disappearance was not affected, but OM disappearing in the small intestine increased ( P < .01) linearly with increasing levels of corn. Total tract OM digestibility (71.2 to 76.2%) and the proportion of OM intake that was digested in the small intestine (15.4 to 24.5%) increased ( P < .01) linearly as corn increased. The TDF and ADF intakes decreased ( P < .01) linearly as level of corn increased. Total tract TDF and ADF digestibilities were not different among treatments (average 62.9 and 57.8%, respectively). Starch intake and starch digested in the rumen and small and large intestine increased ( P < .01) linearly with increasing corn level. Ruminal pH and VFA concentrations decreased and increased ( P < .01), respectively, with increasing corn. Supplementation with corn increased OM intake, decreased forage OM intake, and increased the proportion of OM that was digested in the small intestine, but fiber digestion was not affected.
Introduction
Fresh alfalfa, such as that consumed by grazing ruminants, has a high-CP concentration, which limits efficiencies of N utilization by the animal. A large portion of this ruminally degraded CP is absorbed as NH 3 N from the rumen and subsequently excreted in the urine as urea (Wallace, 1994) . One approach to improving the use of forage CP is to increase microbial capture of NH 3 N by providing additional fermentable energy as a small amount of grain.
However, cereal grain supplementation can decrease the digestibility of fiber and other OM components of forage because of changes in ruminal fermentation (Tamminga, 1993) , and it can also decrease forage OM intake (Bowman and Sanson, 1996) . Thus, we were interested in comparing the effects of different levels of supplementation on OM and fiber digestion in animals that were consuming large amounts of fresh forages. Negative effects of supplementation could occur owing to alterations in ruminal fermentation and digestion or to an increased OM intake that could decrease OM digestibility by increasing rate of passage from the rumen. Thus, we were also interested in evaluating the effects of forage intake in animals fed an amount of forage restricted to that consumed by the supplemented animals compared with those fed forage ad libitum.
Supplementation studies are often conducted with animals that are consuming low-quality vs highquality forages, and with animals consuming grasses rather than legumes (Galyean and Goetsch, 1993; Paterson et al., 1994) . Corn grain supplementation has been studied in cattle fed grasses as the main source of forage (Van Vuuren et al., 1993; Berzaghi et al., 1996) but not when fed fresh alfalfa. Our goal was to study the intake and digestion of OM, fiber, and starch in steers consuming fresh alfalfa ad libitum and supplemented with three levels of cracked corn compared with steers fed fresh alfalfa alone at two levels of forage intake (ad libitum intake or restricted to the average intake of alfalfa consumed by the supplemented steers).
Materials and Methods
Forage. Fresh alfalfa ( Medicago sativa L.) came from a 4.30-ha plot during the second year of growth, located at the South Farms of the University of Illinois at Urbana-Champaign. Alfalfa cv. 'Verta plus' (NC Hybrids, Lincoln, NE) was established in March 1994 (22 kg/ha) in a Parr Silt soil using till methods with 80 kg/ha of oats as a cover crop, and fertilized annually with 3 kg/ha of boron at the beginning of April. The second and the third cuts were used for this experiment. Before the first cut in May, a subplot of 1.10 ha was selected for stand uniformity and lack of weeds, and approximately 3% of the subplot was cut each day beginning on May 25, 1995, for 30 d. This schedule was established to allow cutting of forage that had been maintained with the same rest period and in the same physiological stage during successive cuts on each day of the experiment. The area cut daily was in excess of the forage required by the animals in order to prevent shortages of forage owing to decreased production in the event of drought or other unfavorable conditions during the growth of the second and third cuts. Forage was cut each day before the experiment began using a windrower set to a residual stubble height of 5 cm. The windrow was immediately removed from the field using a forage chopper and silage wagon. When the forage was ready for the second cut, the experiment was started. During the experiment (June 23 to August 25, 1995), alfalfa was cut using the same windrower, but the forage in the windrow was immediately collected by hand, and approximately 1 t of fresh material was transported by truck to the building where the animals were housed. Any remaining forage in excess of that needed on a given day was collected and discarded to avoid interference with plant regrowth. During the experiment, the forage had approximately 30 d of growth between cuttings so that the alfalfa would be maintained in the late bud stage (Rohweder, 1988) . Standing forage was evaluated daily by visual observation, and areas of the subplot that were morphologically older than late bud were not used. These areas were cut and the windrows discarded. In this situation, the forage used for feeding of the animals was cut from plots assigned for subsequent days. An estimation of standing forage was done every 3 d by sampling the plots using a steel ring (.167-m 2 inside area) thrown randomly six times across the plots assigned for the next 3 d at a given time of sampling. From January 1 to the beginning of the experiment (June 23), 482 mm of rainfall was recorded at the experimental site (Illinois State Water Survey, Champaign, IL). However, only 100 mm of rainfall was recorded during the experiment, and these mild drought conditions decreased forage growth. However, because we had selected a larger area to provide sufficient forage for the experiment, no shortage of forage occurred. Corn grain was fed cracked, and all the corn needed for the experiment was processed and stored in a single batch.
Animals. Six Angus steers ( n = 6; average BW 338 ± 19 kg) surgically fitted with cannulas in the rumen (Model XC, Bar Diamond, Parma, ID), proximal duodenum, and terminal ileum (both with silicon Ttype cannulas, i.d. 19 mm) according to procedures approved by the University of Illinois Laboratory Animal Care Advisory Committee were used. Steers were monitored for 4 wk of recovery after surgery and, during the experiment, were tethered by neck chains in individual stanchions under continuous lighting in an air-conditioned room in the Metabolism Unit at the Beef Research Farm. Before and during the experiment, steers had free-choice access to water and a mineral-salt mixture composed of Morton ® Mineral Salt (Morton International, Chicago, IL) 47.8%, dicalcium phosphate 9%, magnesium oxide 4%, and salt 40.2%.
Treatments. Steers were allotted randomly to five treatments in a Latin square design with five periods and six animals. The extra animal was included to improve the sensitivity of the statistical analysis and treatments were randomly allotted to this animal across periods. The following treatments were used: 1 ) fresh alfalfa offered ad libitum ( AALF) allowing 10% of refusals; 2), 3), and 4 ) AALF plus corn supplemented at .4, .8, and 1.2% respectively, of BW ( S) ; and 5 ) fresh alfalfa restricted ( RALF) to the average alfalfa intake of the animals supplemented with cracked corn. Alfalfa consumption by the RALF steers was established according to the average forage intake of the supplemented animals on the previous day.
Feeding Regimen. Forage was collected from the field and moved to the Metabolism Unit at 0800. The forage was spread in a thin layer on pallets on the floor of the room and fed throughout the day. Animals were fed six times daily starting at 1000, after collecting and sampling the feed refusals from the previous day. Frequent feeding was necessary to avoid excess forage for extended periods of time in the feeders and, thus, to avoid increases in forage temperature and respiration losses of nutrients. An amount not greater than 15 kg of fresh material was allowed to stand in the feeders. Corn grain was fed twice daily with the first feeding offered 2 h in advance (0800) of the first forage offering and the second meal 12 h later (2000) . The amount of corn fed to each animal was adjusted according to the weight of the steers recorded at the beginning of each experimental period.
Markers. Duodenal and ileal flows and fecal output were estimated using chromic oxide (Cr 2 O 3 ) dosed at 12 g/d during the experiment (twice daily, 6 g/gelatin cap) via the ruminal cannula at 1000 and 2200. Eight grams of Co-EDTA (1.2 g Co; Udèn et al., 1980) dissolved in 180 mL of water were dosed in a single pulse on the 2nd d of sampling in each experimental period through the ruminal cannula, under the ruminal mat, to estimate fluid dilution rate.
Sample Collection and Analyses. Steers were adjusted to the diet for 9 d in each period. Following adjustment, samples were collected over 4 d. Two composite samples of fresh forage were collected daily in each period by sampling the forage at each feeding. One of the samples was frozen and subsequently thawed, freeze-dried, ground to pass a 1-mm screen, and saved for subsequent analyses. The other sample was used for DM determination by oven-drying at 105°C (AOAC, 1990) . Corn was sampled on a daily basis, to be composited within period.
Duodenal, ileal, and fecal samples were collected every 6 h during the 3 d of sampling but displaced 2 h each day so that samples were collected at 12 equally spaced intervals over the 24-h day. A 300-mL sample of duodenal and ileal digesta was collected at each sampling and frozen. Fecal samples were obtained as grab samples, collected at the same times as duodenal and ileal samples, and an equal amount from each sampling was composited within animal and period. Ruminal samples for pH and VFA determinations were collected every 3 h after the morning alfalfa feeding on d 4 of sampling within each period. For analyses of pH and VFA, whole ruminal fluid was strained through four layers of cheesecloth, and pH was immediately measured. Subsamples of 50 mL were acidified with 2 mL of 6 N HCl and frozen for later analyses of VFA. Ruminal samples for Co determination were taken 2, 4, 8, 12, 18, 24, 30 , and 36 h after dosing. The same procedure for processing of ruminal samples was used for these samples for Co determination. Mixed ruminal bacteria were isolated from whole ruminal contents that were collected from each steer by a core sampling device (Firkins et al., 1986) at 1000, 1500, and 2000 on the last day of each experimental period. Ruminal contents were mixed with .9% (wt/vol) saline solution and blended for 1 min in a Waring blender (Waring Products Division, New Hartford, CT) to dislodge particle-associated bacteria. Homogenized contents were strained through eight layers of cheesecloth and 1 L of fluid was collected, composited by steer, and frozen.
Duodenal and ileal samples were thawed, composited within steer and period, stirred continuously, subsampled, freeze-dried, and ground to pass a 1-mm screen. Fecal samples were dried at 57°C in a forced-air oven and ground to pass a 1-mm screen. A bacteria-rich fraction was isolated from the ruminal samples as described by Firkins et al. (1986) .
Forage, corn grain, duodenal, ileal, and fecal samples were analyzed for DM, OM, ash (AOAC, 1990) , total dietary fiber ( TDF, Prosky et al., 1985) , and ADF (Goering and Van Soest, 1970) . Forage and corn were also analyzed for NDF (Jeraci et al., 1988) . Soluble fiber was calculated as the difference between TDF and corrected NDF (i.e., starch-, CP-, and ashfree NDF). Starch in feeds, duodenal, ileal, and fecal samples was analyzed according to Thivend et al. (1972) . Duodenal, ileal, and fecal samples were prepared for Cr determination using the technique of Williams et al. (1962) . Cobalt concentration in ruminal fluid was determined with atomic absorption spectrophotometry (air-plus-acetylene flame; Model 2380, Perkin-Elmer Corp., Norwalk, CT). Ruminal fluid samples were thawed and centrifuged twice at 27,000 × g for 20 min, and the supernatant was used for the analysis of VFA (Cremin et al., 1991) . Freezedried isolated bacteria were analyzed for purines (Zinn and Owens, 1986) and OM (AOAC, 1990) . Because the OM:purine ratio of isolated bacteria was not affected ( P > .05) by treatments, the overall average bacterial OM:purine ratio of 7.36 was used to estimate the quantity of bacterial OM reaching the duodenum across treatments.
Calculations. Duodenal and ileal flows and fecal outputs were calculated from the ratio between the amount of Cr 2 O 3 administered and Cr concentration at each site. Duodenal flows of bacterial OM to the duodenum were calculated by dividing the average OM:purine ratio of ruminal bacteria by the OM:purine ratio of duodenal digesta for each animal within each period. Ruminal fluid dilution rate was estimated using the model Ct = Be −kdt , where Ct is the ruminal Co concentration at time t, B is the initial ruminal cobalt concentration, kd is the fractional dilution rate (%/h), and t is the time ( h ) . Model parameters were estimated using the nonlinear ( NLIN) procedure of SAS (1995) choosing the Marquardt compromise for fitting the derivatives of the model with respect to each estimate.
Statistical Analysis. Data were analyzed by analysis of variance of a 5 × 5 (treatments × periods) Latin square design using the MIXED procedure of SAS (1995) . Model sums of squares were separated into animal, period, and treatment effects. Least squares means are reported and treatment comparisons were and cracked corn a a n = 20 for alfalfa and n = 5 for corn. b Total dietary fiber (Prosky et al., 1985 54.6 ± 1.3 17.3 ± 1.4 NDF 41.6 ± 1.8 10.9 ± 2.0 Soluble fiber c 15.3 ± .20 6.4 ± 1.9 ADF 32.5 ± 1.4 3.4 ± .5 Starch 3.8 ± 1.9 70.9 ± 3.0 made by contrasts. The AALF treatment was compared with the RALF treatment to evaluate effects of level of forage intake on digestion of OM components. The second contrast was RALF vs supplemented ( S ) to compare the effect of grain additions in animals fed AALF but with forage intake, on average, equal to RALF intake. Linear ( L ) and quadratic ( Q ) contrasts were conducted to determine the response to increased levels of corn in steers fed AALF. A significant difference was declared to exist where P ≤ .05 and a trend to a difference was considered to exist if .05 ≤ P ≤ .10.
The pH and VFA data collected at successive times were analyzed as repeated measures using the MIXED procedure of SAS (1995) . Because no treatment × hour interactions were detected ( P > .05) for the variables measured, treatment effects were compared across sampling times using the contrasts described above.
Results and Discussion
Available standing forage during the experiment (Table 1 ) averaged 3,450 kg DM/ha. However, because of drought conditions, this varied from 4,450 in late June to 2,770 kg DM/ha in mid-August. Despite variations in forage growth, the forage composition was relatively constant across the experiment, as indicated by the low standard deviation for concentrations of TDF, NDF, ADF, and starch. Values for soluble fiber are consistent with those we reported for fresh alfalfa cut at a different site in the same location in the same year (Elizalde et al., 1999) . Most of the soluble fiber consists of pectins, soluble hemicelluloses, and gums present in the middle lamella (Hall et al., 1997) . Tyrrell et al. (1992) found that pectins can make an important contribution to the soluble OM digested in the rumen of animals fed alfalfa and may explain in part the high efficiency of utilization of ME in animals fed alfalfa vs orchardgrass silages.
Total OM intake (Table 2 ) in AALF steers, at 2.4% of BW, was considered high compared with other studies with steers fed indoors (Beever et al., 1986) . Moreover, forage OM intake decreased linearly, but total OM intake increased linearly as corn increased. There was a linear relationship between corn intake ( CI; g/kg BW) and forage intake ( FI; g/kg BW): FI = 23.7 − .69CI, P < .01, r 2 = .62. The average substitution rate (change in unit of forage OM intake per unit of corn OM fed) was .69. The substitution rate was higher than values reported when grain supplements were fed with low-quality forages (.43 g/ g, Sanson and Clanton, 1989; .46 g/g, Goetsch et al., 1991) but lower than the mean value of .87 g/g for high-quality fresh ryegrass (75% in vitro OM disappearance) fed indoors and supplemented with different levels of concentrates (Tyler and Wilkinson, 1972) . This greater depression in forage intake that was due to starch supplementation of high-quality vs low-quality forages is well documented (Jarrige et al., 1986; Horn and McCollum, 1987) . The relatively high substitution rate in this study is consistent with the relatively high quality of the alfalfa and by the ad libitum feed availability regime.
Duodenal OM flows were greater in S than in RALF steers and were increased linearly as the level of corn increased. Supplemented steers had more OM apparently or truly digested in the rumen than did RALF steers, but there were no differences in the percentage of OM intake that was apparently or truly digested in the rumen between RALF and S steers. Increasing level of corn did not affect the amounts of OM apparently or truly digested in the rumen (average 3,976 and 5,723 g/d, respectively). The percentage of OM intake that was apparently or truly digested in the rumen numerically decreased ( P = .14 and P = .12, respectively) linearly with increasing level of corn. This is probably a result of the lower ruminal OM degradability of corn compared with fresh alfalfa. The decreased ruminal OM digestibility when corn was included in the diet is consistent with Van Vuuren et al. (1993) and Berzaghi et al. (1996) who fed cows fresh forages supplemented with corn-based supplements.
Corn-supplemented steers had higher small intestinal disappearance of OM than RALF steers (either on an absolute basis or as a percentage of OM intake) and greater small intestinal OM digestibility (as a percentage of OM entering; Table 2 ). There were linear and quadratic responses in small intestinal disappearance of OM with increasing level of corn. A quadratic response to grain addition for OM disappearing in the small intestine indicates that small intestinal OM disappearance was maximum when grain was included at approximately .8% of BW. Results show that corn supplementation up to .8% BW shifted the sites of OM digestion, increasing the Table 2 . Organic matter intake and digestion by steers fed fresh alfalfa and supplemented with different levels of cracked corn a RALF = alfalfa intake restricted to the average forage intake of the supplemented steers; AALF = ad libitum alfalfa; .4, .8, and 1.2 = cracked corn supplementation, as is, at .4, .8, and 1.2% of BW.
b Preplanned contrasts with P-values for each comparison: RALF vs AALF; RALF vs supplemented (S); L = linear and Q = quadratic effect of levels of corn (including AALF and the three levels of cracked corn supplementation).
c Standard error of the mean. proportion that was digested in the small intestine and also increasing the small intestinal digestibility of OM. Fecal OM output was lower in RALF than in S steers, and there was a linear decrease in fecal output with increasing levels of corn addition (Table 2) . Total tract OM digestibility tended to be lower in steers fed RALF than in those fed AALF, it was greater in S than RALF steers, and it increased linearly with increasing corn. Because supplements increased total OM intake, any negative effect of grain addition on forage OM digestibility could be confounded with intake. The RALF treatment had the same forage OM intake as the average forage intake of supplemented animals. Assuming that digestibility of corn was 90% and that there was no negative influence of the forage on corn digestibility (Sanson and Clanton, 1989) , then the theoretical total tract OM digestibilities, calculated from the in vivo digestibility of alfalfa in RALF steers and assuming a value of 90% for corn, were 72.7, 75.1, and 77.5% for steers fed corn at .4, .8, and 1.2% of BW, respectively. When these theoretical digestibilities are compared with the values obtained in vivo for the same treatments (Table 2) , differences between estimated and measured values are small. Moreover, theoretical OM digestibility for alfalfa in S steers estimated from the total tract OM digestibility and assuming 90% digestibility of OM in corn (Sanson and Clanton, 1989) was 70.1, 70.0, and 68.0% of OM for .4, .8., and 1.2% of BW, respectively; these values are also close to the total tract OM digestibility of the RALF steers (69%). Thus, these data suggest that levels of corn as high as 1.2% of BW did not have negative effects on total tract OM digestibility of highly digestible fresh alfalfa. Conversely, Sanson and Clanton (1989) observed a decrease in OM digestibility (49.6 to 40.0%) of lowquality hay when corn was included at a level of .75% of BW. Thus, the effect of the supplement on OM digestibility may change drastically depending on the type and quality of the forage. Prosky et al. (1985) . b RALF = Alfalfa intake restricted to the average forage intake of the supplemented steers; AALF = ad libitum alfalfa; .4, .8, and 1.2 = AALF plus cracked corn supplementation (as is) at .4, .8, or 1.2% of BW, respectively.
c Preplanned contrasts with P-values for each comparison: RALF vs AALF; RALF vs supplemented (S); L = linear and Q = quadratic effect of levels of corn (including AALF and the three levels of corn supplementation Total TDF intakes (Table 3 ) and duodenal and ileal flows and fecal outputs of TDF did not differ between RALF and S steers. Total TDF intakes were also decreased linearly, but duodenal TDF flows were not affected by increasing corn. Ileal flows and fecal outputs of TDF decreased linearly with corn addition. Because duodenal flows of TDF did not decrease linearly with increasing level of corn, it is possible that some soluble fiber may have escaped ruminal fermentation and was solubilized in the acidic conditions of the duodenum, thereby causing the linear decrease in ileal flows of TDF as corn levels increased. Ruminal and total tract TDF digestibilities were not different among treatments, averaging 54.8 and 62.9% of intake, respectively. An average of approximately 87% of digestible TDF disappeared in the rumen and this was not affected by treatment.
Intakes, duodenal and ileal flows, fecal outputs, and ruminal and total tract digestibilities of ADF displayed effects due to treatment similar to those observed for TDF (Table 4 ). There are no previous reports of which we are aware regarding the effects of corn grain supplementation on TDF digestion in animals that are consuming fresh alfalfa. Fiber digestibility has been reported to be affected by grain supplementation at .3% of BW (Jones et al., 1988) in forages with a high fiber (79% NDF) content. However, this effect would be less important when fiber digestibility was comparatively high than when fiber digestibility was low (Vanzant et al., 1990; Bowman and Sanson, 1996) . Over a wide range of forages of differing quality, depressions in forage digestion with added grain increase as fiber content increases or forage quality declines, perhaps because fiber-digesting microbes contribute more to digestion of low-than of high-quality forage (Galyean and Goetsch, 1993) . The fresh alfalfa used in the current study had lower fiber content than forages in the previous studies and could explain the lack of effect of grain on fiber digestion. Moreover, fiber digestion of legumes is reported to be affected less by grain supplementation than grasses (Galyean and Goetsch, 1993) . Stensig and Robinson (1997) found that the inclusion of concentrates increased the ruminal retention time of the fiber in alfalfa but not in timothy silage, resulting in increased alfalfa NDF digestibility and decreased timothy NDF digestibility as concentrate in the diet increased. In the current study, the combination low-fiber, high-quality fresh alfalfa and moderate levels of corn probably caused the lack of effect of grain addition on digestion of NDF.
Supplementation increased linearly the total intake, ruminal disappearance, duodenal and ileal flows, and fecal outputs of starch (Table 5) . However, the percentages of starch consumed that were fermented in the rumen or disappeared in the small intestine were not different among treatments. The average intestinal digestibility of starch across corn levels was 59.3%. This value is lower than the 68.9 ± 18.4% for small intestinal digestibility summarized by Huntington (1997) . Starch digested postruminally in steers fed corn supplements accounted, on average, for 47.5% Table 4 . Acid detergent fiber intakes and digestion by steers fed fresh alfalfa supplemented with different levels of cracked corn a RALF = alfalfa intake restricted to the average forage intake of the supplemented steers; AALF = ad libitum alfalfa; .4, .8, and 1.2 = AALF plus cracked corn supplementation (as is) at .4, .8, or 1.2% of BW.
b Preplanned contrasts with P-values for each comparison: RALF vs AALF; RALF vs supplemented (S); L = linear and Q = quadratic effects of levels of corn (including AALF and the three levels of cracked corn supplementation).
c Standard error of the mean. of starch intake and is greater than the range of 5 to 20% summarized by Huntington (1997) for highly processed corn (i.e., dry rolled or steam flaked). However, the current value is in agreement with that reported for ground corn (44.0%) fed to dairy cows by McCarthy et al. (1989) . Corn grain offered cracked probably increased the amount of starch escaping from the rumen compared with more processed forms. Total tract digestibility of starch was not different among treatments (average 96.2%). Results show that grain addition increased the amount of starch disappearing in each site of the digestive tract but did not change total tract digestibility or the proportions of starch digested in different sites except for the large intestine. Corn grain supplementation tended to decrease the percentage of OM that was digested in the rumen and increased the percentage that was digested in the small intestine (Table 2 ). This effect seems to be due to replacement of fiber, where 90% of total digestion occurred in the rumen, from alfalfa by starch from corn, which had a lower ruminal digestibility (48.6% of total digestion) and, thus, shifted the site of digestion of OM to the small intestine. However, this shift in the site of OM digestion did not affect ruminal or total tract fiber digestibilities.
Ruminal pH was higher in steers fed RALF than in those fed AALF resulting from the higher level of intake in the AALF steers (Table 6 ). Ruminal pH and total VFA concentrations were lower and greater, respectively, in S than in RALF steers, and were decreased and increased linearly, respectively, as level of corn increased. There was a linear relationship between ruminal pH and total VFA concentration (pH = 7.39 − .012 × VFA [mM], P < .01, r 2 = .40). Reductions in ruminal pH have often been cited as the major cause of depressed fiber digestion but may not always explain reductions in intake and OM digestibility (Caton and Dhuyvetter, 1997 ). In the current experiment, reductions in forage intake were not explained by reduced fiber digestion even when ruminal pH was decreased by grain supplementation.
Except for isovalerate, molar proportions of ruminal VFA did not differ between RALF and AALF steers (Table 6 ). The proportions of acetate and propionate were lower and higher, respectively, in S than in RALF steers and were decreased and increased, respectively, as corn increased. The substitution of soluble fiber, the ruminal fermentation of which produces mainly acetate (Hall et al., 1997) , by corn starch may also be involved in the decrease in proportion of acetate observed in this experiment.
The molar proportion of butyrate was higher in S than in RALF steers and was increased linearly by corn addition (Table 6 ). Butyrate proportions have been shown to increase with starch consumption in continuous culture fermenters (Stern et al., 1978) . In the current study, there was a relationship between molar proportion of butyrate and starch consumption (butyrate [mol/100 mol] = 8.92 + .009 × starch intake [g/d], P < .01, r 2 = .50). Proportions of isobutyrate and isovalerate were higher in RALF than in S steers and were decreased linearly with increasing level of corn. Valerate molar proportion was lower in RALF than in Table 5 . Starch intakes and digestion by steers fed fresh alfalfa and supplemented with different levels of cracked corn a RALF = alfalfa intake restricted to the average forage intake of the supplemented steers; AALF = ad libitum alfalfa; .4, .8, and 1.2 = AALF plus cracked corn supplementation (as is) at .4, .8, or 1.2% of BW.
b Preplanned contrasts with P-values for each comparison: RALF vs AALF; RALF vs supplemented (S); L = linear and Q = quadratic effect of levels of corn (including AALF and the three levels of corn supplementation).
c Standard error of the mean. Table 6 . Ruminal pH, VFA concentrations, and ruminal fluid dilution rates in steers fed fresh alfalfa and supplemented with different levels of cracked corn a RALF = alfalfa intake restricted to the average forage intake of the supplemented steers; AALF = ad libitum alfalfa; .4, .8, and 1.2 = AALF plus cracked corn supplementation (as is) at .4, .8, or 1.2% of BW.
b Preplanned contrasts with P values for each comparison: RALF vs AALF; RALF vs supplemented (S); L = linear, and Q = quadratic effect of levels of corn (including AALF and the three levels of corn supplementation).
c Standard error of the mean. S steers but was not increased with increasing corn. Branched-chain VFA are the end products of ruminal fermentation of branched-chain amino acids. A linear decrease of branched-chain VFA with increasing corn supplementation is probably related to a decrease in intake of branched-chain amino acids in the supplemented animals. Steers fed AALF had higher total VFA concentration than RALF steers but had the same profile of VFA. However, S steers had different patterns of fermentation than those fed RALF, even though they consumed the same amount of forage. Therefore, the effect of adding corn to AALF steers on ruminal VFA proportions was more important than altering the level of alfalfa intake.
There was a quadratic effect of the level of corn supplementation on ruminal fluid dilution rate (Table  6) . Dilution rates for RALF and AALF steers (average: 14.8%/h) were lower than those found in lactating cows that grazed mixed pastures (18.2%/h; Berzaghi et al., 1996) or consumed fresh Persian clover (15.4%/h; Stockdale, 1993) , and were similar to those found in grazing nonpregnant dry cows (14.9%/ h; Holden et al., 1994) . Ruminal fluid dilution rates in animals fed fresh forages seem to be greater than those determined for cows fed diets based on silages or hays (less than 10%/h).
Implications
Supplementation of steers fed high-quality fresh alfalfa with moderate levels of cracked corn can increase total feed intake, but substitution effects are expressed if alfalfa is consumed ad libitum. It would be necessary to account for decreased forage intake in grazing animals when supplemental corn is fed by increasing the stocking rate or decreasing the grazing area. Supplemental corn could be fed to animals fed fresh alfalfa at restricted intake to increase the amount of organic matter digested in each portion of the digestive tract. When fresh alfalfa is consumed ad libitum, supplementation with corn can decrease fiber intake and shift organic matter digestion to the small intestine. In both cases, total tract fiber digestibility or its sites of digestion are not affected.
